We aimed to determine the effect of sample size on performance of polygenic 148 hazard score (PHS) models in predicting the age at onset of prostate cancer. 149 Age and genotypes were obtained for 40,861 men from the PRACTICAL 150 consortium. The dataset included 201,590 SNPs per subject, and was split into 151 training (34,444 samples) and testing (6,417 samples) sets. Two PHS model-152 building strategies were investigated. Established-SNP model considered 65 153 SNPs that had been associated with prostate cancer in the literature. A stepwise 154 SNP selection was used to develop Discovery-SNP models. The performance of 155 each PHS model was calculated for random sizes of the training set (1 to 30 156 thousand). The performance of a representative Established-SNP model was 157 estimated for random sizes of the testing set (0.5 to 6 thousand). Mean HR 98/50 158 (hazard ratio of top 2% to the average in the test set) of the Established-SNP 159 model increased from 1.73[95%CI: 1.69-1.77] to 2.41[2.40-2.43] when the 160 number of training samples was increased from 1 to 30 thousand. The 161 corresponding HR 98/50 of the Discovery-SNP model increased from 1.05[0.93-162 1.18] to 2.19[2.16-2.23]. HR 98/50 of a representative Established-SNP model using 163 testing set sample sizes of 0.6 and 6 thousand observations were 1.78[1.70-1.85] 164 and 1.73[1.71-1.76], respectively. We estimate that a study population of 20 to 30 165 thousand men is required to develop Discovery-SNP PHS models for prostate 166 cancer. The required sample size could be reduced to 10 thousand samples, if a 167 set of SNPs associated with the disease has already been established.
Abstract 147 We aimed to determine the effect of sample size on performance of polygenic 148 hazard score (PHS) models in predicting the age at onset of prostate cancer. 149 Age and genotypes were obtained for 40,861 men from the PRACTICAL 150 consortium. The dataset included 201,590 SNPs per subject, and was split into 151 training (34,444 samples) and testing (6,417 samples) 197 Our aim was to quantify the effect of sample size on the performance of a 198 polygenic survival model. This was explored through a specific disease condition 199 that is expected to be representative, namely the prediction of age of onset in 200 prostate cancer. We investigated two potential model development strategies. 201 For the 'Established-SNP' model, we selected single-nucleotide polymorphisms 202 (SNPs) that had previously been shown to be associated with prostate cancer, 203 and simply estimated the coefficients for these SNPs in a Cox proportional 204 hazards framework. For the 'Discovery-SNP' model, we implemented the SNP Discussion 256 We identified several trends in the effect of training and testing sample 257 size on the performance of PHS models in predicting the age of onset of prostate 258 cancer using SNP genetic variants. When using SNPs that had already been 259 associated with prostate cancer risk, our analysis suggests that very little 260 improvement in performance can be achieved once the training sets becomes 261 larger than 10 to 15 thousand observations. When attempting to discover SNPs, 262 a similar plateau in performance was observed from training sets larger than 20 263 to 25 thousand observations. Apart from z-scores, the performance metrics of the 264 chosen Cox proportional hazards model did not vary with testing sample size. 265 However, we did observe that the distribution of performance metrics narrows will include SNPs imputed from 1000 Genomes [13] . Such an analysis was not 302 performed for this first study to limit computation time for bootstrap analyses and 303 to avoid uncertainty due to imputation. 304 In conclusion, we have studied the effect of sample size on the 305 performance of PHS models to study the association between SNPs and the age 306 at onset of prostate cancer. We have determined that models require roughly 20 307 to 30 thousand samples before their performance would not be improved greatly cancer. The SNP selection pool was then reduced to those whose trend test p-348 value was less 1x10 -6 . In order of increasing p-value, each SNP was tested in a were defined using centile cut-points for those controls within the training set 372 whose age was less than 70 years. This list of performance metrics expands on 373 those (z-score and HR 98/50 ) that were used in our earlier work [7] . 
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There is more variability with the Discovery process. Established SNPs, though, were discovered 452 using the data in the training set; this circularity is not accounted for in the present study, which 453 focuses on sample size effects.
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